Abstract-The lack of collaborative opportunities for the procurement of truckload transportation services can expose companies to high costs while transporting their goods. Moreover, carriers are forced to perform many movements with empty trucks for repositioning which represent a big environmental challenge. Our idea is to conduct e-procurement auctions in order to encourage the companies to diversify their channels for the transportation procurement. In this context, combinatorial auctions (CAs) represent an ideal tool to achieve this goal. In this new settings, new decisional policies should be defined by both the companies and the carriers. This work stands from the carrier's viewpoint who would be interested to collaborate with his competitors in order to achieve savings and to contribute for a green supply chain management. In this paper, we solve the problem of generating bids to be submitted to CAs in order to ensure loads for trucks that would travel otherwise empty. We discuss an decision support model and validate it through computational experiments.
I. INTRODUCTION
Electronic spot markets have shown to be an ideal tool for exchanging goods and services. Several E-markets, indeed, have been implemented and applied to different applications during the last decades even for improve green nature of supply chains.
The actors involved span from Business (B) to Consumers (C) till reaching Governments (G). Figure 1 shows the possible e-market combinations and gives an example for each alternative [1] , [2] . Specifically, Internet-based CAs have shown to be very efficient in different sectors including public allocation problems that traditionally were managed through (often inefficient) regulatory orders [3] , [4] . A first tentative in this direction appeared in the 80s of the last century when an auction mechanism has been proposed for allocating airport landing slots [5] . Even though this last study has proven that CAs can achieve more efficient outcomes with respect to non-combinatorial mechanism, real-life applications in this sector have been seen only two decades later [6] . Many other governmental-controlled sectors have got great benefit from the use of CAs. Examples Manuscript received April 9, 2014; revised July 9, 2014. The participation of the author in the ICEBS 2014 Conference will be made possible through the partial contribution from Sultan Qaboos University. This support is gratefully acknowledged.
C. Triki is with the Department of Mechanical and Industrial Engineering, Sultan Qaboos University, Muscat, Oman (e-mail: chefi@ squ.edu.om).
include telephone service obligations [7] , spectrum licenses [8] , treasury bills [9] and deregulated electricity markets [10] .
Things went differently in the field of truckload transportation services. Indeed, Anandalingam et al. pointed out in [6] [12] . In many other regions of the world, however, private companies did not pioneered any alternative channel for procuring transportation services and, given the importance of the sector, those regions are failing to move towards more efficient green supply chains.
Moreover, the actors participating in CAs have to face the solution of complex decision support models in order to optimize their transportation network management. This work stands from the carrier's viewpoint who would be interested to achieve savings and to contribute for a green supply chain management. In this paper, we solve the problem of generating bids to be submitted to CAs in order to ensure loads for trucks that would travel otherwise empty. Scientific literature report example of the amount of money that can be saved using collaborative planning of transportation procurement; For example, the loss due to empty trucks movements in the case U.S.A. logistics market can be quantified in more than $165 billion [13] .
The paper is organized in 5 sections. In Section II we introduce the problem and we summarize the literature review related to this topic. In Sections III we introduce the CAs, the specific problem to be solved and we describe our optimization model together with the solution approach. In Section IV we report some experimental experience in order to validate the model and discuss the results and, finally, we draw in Section V some concluding remarks. 
II. PROBLEM STATEMENT AND LITERATURE REVIEW
Traditional auctions have been used since ancient times because of their efficiency as a business tool to exchange and price several kinds of goods. Recently, auctions organized via internet have received a lot of attention due to the growing popularity of electronic markets and to the efficiency and fairness characterizing these mechanisms.
ACs are multi-item auctions in which the bidders can define their own combinations of items and can submit bids consisting on bundles instead of on single items. This mechanism allows the bidders to take advantage of the complementarity effect that can characterize the different items to be auctioned and protect them against the so-called exposure problem.
In the context of transportation procurement, the auctioneer usually is the shipper who wants to buy long-haul full-truck transportation services in order to move a set of loads (called also lanes) from their pickup to their delivery locations. The bidders are interested carriers who have to submit bids on the transportation loads that they want to serve, not individually but grouped into bundles of loads.
CAs offer significant advantages for both shippers and carriers. Auctioneers, indeed, can achieve more economic efficiency and transportation cost savings of up to 15% while maintaining or increasing their service levels [11] . Bidders can take into account their economies of scope while expressing their preferences on the packages to be served. The Bid Generation Problem (BGP) interests the carriers that have to face the problem of constructing the bundles of loads to be submitted in the auction as bids. The BGP is a complex problem that bidders, traditionally, avoid to face by submitting singleton load bids. Its complexity derives from the necessity of evaluating an exponential number of potential bundles representing all the possible subsets that can be made out by the auctioned loads. Interested readers are directed to the following works: [14] - [22] .
In this paper we focus on another complicating aspect of the BGP consisting in the stochastic aspect of the problem. Indeed, at the moment of submitting their bids to the auction the carriers cannot know the clearing price and have to take, thus, decisions under uncertain settings. Yet, only few contributions have targeted this important issue. Ergun et al. considered in [23] the price of a bundle as a decision variable and not as a parameter and considered the auction clearing price as a random variable. However, they simplified the study to the case of several single independent auctions that run simultaneously. The second work we are aware of is due to Triki et al. who have presented in [24] an accurate analysis of the BGP in a CAs for the full truckload transportation procurement. Their major scientific contribution consisted in developing a probabilistic mathematical model that integrates the bid generation and pricing problems together with the routing of the carrier's fleet. This paper is inspired from the previous work, but it attempts to solve the problem exactly rather than relying on heuristic methods. We develop, indeed, a decision support tool based on an implementation of an optimization model that allows to find the optimal solution by using a well-known modeling language.
III. RISK OPTIMIZATION MODEL AND SOLUTION APPROACH
Our optimization model has the goal of determining which set of bids to be submitted to the CA among all the possible bids (in total 2 n -1). Each bid will be constituted of a subset of the loads to be auctioned. The objective is to maximize the possible revenue deriving from serving the successful bids minus the routing cost. The optimization model has, thus, three sets of decisions to be taken as follows: Indeed, any bid must satisfy, in order to be successful, the condition that the bid's price is less than the lowest price submitted by the competitors. However, this latter is not known in advance and represents thus a random variable that we face here by assuming a decision-maker threshold of the risk of not being successful. When the Risk threshold level‖ ( a ) increases then the carrier will be more aggressive by bidding in the auction even with bids that do not have big chance of success. In stochastic settings, this may be a fruitful policy that allows the carrier to express his aversion towards risk while participating in CAs. It is worth noting that the above model includes many other complicating features related to the actual definition of the -Set_of_Feasible_Tours‖ and to the transformation of the probabilistic constraint to a deterministically equivalent one.
The environmental and economic consequences of using the suggested model within CAs for the transportation procurement are obvious. The carriers will try to avoid having empty trucks travelling by filling the gaps with as many as possible loads auctioned in CAs. A wide use of this approach will reduce the number of trucks travelling empty over all the region and, consequently, will increase the utilization rate of the trucks and reduce the emission of gases, road jams, accidents, etc.
In this paper, we will solve the problem exactly in order to determine the optimal solution rather than using heuristics. We have, thus, developed a solution implementation that uses Lingo 13.0 as a modelling and solving environment. Our implementation involves all the complicating features related to both the routing aspects (nodes in-out balance, sub-tour eliminations, etc.) and the deterministically converted probabilistic constraint. Our preliminary computational experiments that validate the model are described in the following section.
IV. ILLUSTRATIVE COMPUTATIONAL EXAMPLE
In order to validate the optimization model we have carried out a computational experiment by considering a simple, yet significant, test problem, as represented in Figure 1 . The test instance involve seven loads, four of them are already committed by the carrier (called booked loads: L1 and L2, L5 and L6) and the three others are auctioned ones (loads L3, L4 and L7) while connections AG, HE, CD and BE do not require any service but can be used for repositioning purpose. Moreover, we assume to have two trucks with enough capacity available at cities A and D respectively. The travel time for each load is chosen to be 1 day over a planning horizon of 5 days. The cost for serving each load depends only on the distance. In our example, having three auctioned loads, we can generate the following 7 different bids including all the loads combinations:
 1-load bundles: {L3}, {L4}, {L7}  2-load bundles: {L3, L4}, {L3, L7}, {L4, L7}  3-load bundle: {L3, L4, L7}.
The results of the experimental study have shown that bid {L3, L4} is the optimum bundle that should be served since it ensures the maximum profit. Moreover, we get the following routing schedule:
 Truck K1 moves from city A to city B at the first day of the planning horizon then it continues to city C and finally goes back to city A;  Truck K2 waits till day three to move from city D to city E then to city F then, it returns back to D. These results show the validity of our model since it determines logical results. From the network depicted in Fig.  2 it seems clear, indeed, that load L7 was far away from the loops that the trucks can perform without causing excessive service cost. 
V. CONCLUSION
This work has the objective of proposing an environmental friendly collaborative approach that allows to reduce the routing of empty trucks in any national or regional transportation network. It consists on defining spot markets for transportation loads, based on CAs, that allow the shippers to procure efficiently their transportation needs and, in the same time, the carriers to increase the utilization rate of their trucks and reduce the emissions of harmful gasses. Achieving this goal will constitute a concrete contribution towards the improvement of green supply chains management. For this purpose, we propose an optimization model that supports carriers in generating the optimal bids to be submitted to the CAs. We solve exactly the formulation by using a well-known modeling language and we validate it while solving a simple test problem.
Possible research development in this direction can include considering a two-sided CAs in which every carrier can, in the same time, offer undesirable loads and bid on his favorite combination of bids. This scheme, even though more complex, will ensure remarkable advantages for all the actors involved in the transportation services and also to the society that can rely on a less environmental impact and more economic efficiency of its transportation network. 
